2,3,7,8-Tetrachlorodibenzo-p-dioxin (dioxin) is a potent toxin produced as a byproduct in the manufacture of the herbicide 2,4,5 trichlorophenoxyacetic acid (2,4,5-T). Its toxic effects on various animals are well documented and include carcinogenesis,' teratogenesis,2 hepatotoxicity,3 and immunological abnormalities, general debility, and death.4 There is, however, much controversy regarding its toxicity in man. Chloracne is the best known toxic effect ofdioxin but many other effects have been reported including porphyria cutanea tarda and hepatotoxicity,5 neurological dysfunction," and asymptomatic hepatic enzyme induction.9"' Although there is some evidence linking 2,4,5-T and exposure to dioxin with an increased risk of soft tissue sarcoma," lymphoma, '2 and atherogenesis,5' 3 these associations are not proved.'4 Immunological abnormalities have been described in animals but there is relatively little information about the immunological consequences of dioxin exposure in man. We have recently studied 18 subjects who were exposed to dioxin as a result ofan industrial accident in 1968. We describe the results of biochemical and immunological investigations performed on these wubjects and 15 carefully matched controls.
Subjects
Group 1-Eighteen workers exposed to dioxin as a result ofan industrial accident during the manufacture Accepted 6 April 1988 of 2,4,5-T. Three were in the building at the time of the accident, nine were engaged in clearing up after the explosion, and 16 helped wash and repaint the building. Eight suffered from chloracne. Thirteen had worked in the relevant building regularly before the accident and seven worked regularly in the new building afterwards. All were healthy at the time they were seen, none having symptoms of a recent viral infection. None of the subjects studied had symptomatic ischaemic heart disease or evidence of neoplastic disease. Two were taking regular medication in the form of ranitidine (1 subject) and metformin (1 subject). This group of subjects has been included in previous studies.9 '3 'S Group 2-Fifteen controls were recruited from the portering staff and the department of estate management at this institution. Many of the porters had previously worked in local industry for many years before their current employment but none had knowingly been exposed to toxic chemicals. Controls were matched for age, sex, per cent of ideal body weight,'6 social class, alcohol consumption, and smoking habit (alcohol consumption is expressed in units; one unit was defined as I a pint ofbeer, one glass of wine, or one measure of spirit). All were healthy at the time they were seen and none was taking any medication.
Methods
All subjects who had been exposed to dioxin underwent a complete clinical assessment and a resting 701 702 ECG. Blood was drawn from exposed subjects and controls after an overnight (12 0-1 > p > 0-05 for both). Equally, the level of HDL cholesterol in the dioxin exposed workers was not significantly lower than in controls (mean (SD) 1-2 (0 3) v 1-4 (0 3); 0-1 > p > 0-05). None of the subjects studied had biochemical evidence of thyroid dysfunction.
There was no significant difference in the levels of immunoglobulins G, A, M, D, and E between the two groups. ANA was detected significantly more frequently in workers exposed to dioxin than in controls when Hep2 cells were used as substrate (table 2) (p < 0-01) but not when rat liver was used. The staining pattern observed with Hep2 cells was predominantly ofdiffuse grainy type (diffuse grainy in eight subjects, nucleoli in two subjects). Extractable nuclear antigen was not detected in any of the subjects studied. Immune complexes were detected significantly more frequently in individuals exposed to dioxin than in controls (p < 0-05); however, they were usually present at low titre. Total lymphocyte count, B cell count, T cell count, and helper and suppressor T cell counts did not differ significantly in the two groups (table 3). The number of NK cells identified by Leu-7 was, however, appreciably raised in the workers exposed to dioxin (p < 0002). The lymphocyte proliferative response to phytohaemaglutinin A was not significantly altered in the workers exposed to dioxin. A helper/suppressor ratio below 1-5 occurred in nine individuals who had been exposed to dioxin and three controls. This was not, however, significant at the 005 level. Immunological abnormalities 17 years after accidental exposure to 2,3,7,8-tetrachlorodibenzo-p-dioxin Knutsen et al studied subjects exposed to dioxin contaminated soil in Missouri and found no difference in T cell subsets between those at high risk for dioxin exposure and those at low risk.24 They also found no difference in lymphoproliferative responses to four mitogens. Hoffman et al studied another group of subjects exposed to dioxin in the environment. 25 They found that exposed subjects had a significantly reduced percentage of helper T lymphocytes but that there was no significant difference in the absolute numbers of helper and suppresssor T lymphocytes. Our findings are in general agreement with those described above in that we found that the number of T cells, B cells, and helper and suppressor T cells were not significantly different in the group exposed to dioxin than in the controls. Our findings also agree with those of Reggiani23 in that individuals exposed to dioxin had similar serum immunoglobulin concentrations to controls.
Immune complexes, however, occurred significantly more frequently in subjects exposed to dioxin. The complexes were generally present at low titre but we think that this warrants further investigation, perhaps in subjects with more recent exposure to dioxin. ANA was also detected more frequently in subjects exposed to dioxin, when Hep2 cells were used as substrate. The specificity of this antibody is uncertain but it would not seem to be directed against a saline extractable antigen such as those detected by the Ouchterlony system. While the significance of this finding in the inherently more sensitive Hep2 cell system is not clear, it may reflect prior tissue damage and cellular destruction in the exposed population.
We have shown for the first time an increased number of circulating NK cells in subjects exposed to dioxin, using the monoclonal antibody Leu-7. Leu-7 has been shown to be a marker for most NK 36 They also found that the number of splenocytes recovered was significantly reduced, suggesting a reduction in the number of NK cells. Nevertheless, experimental evidence relating to mouse spleen NK cells some weeks after exposure to dioxin is not strictly comparable with the effect of previous exposure to dioxin on NK cells in human peripheral blood.
Statistically significant increases in the serum cholesterol and triglyceride concentrations of workers exposed to dioxin have been reported.'3'53" Although mean serum cholesterol and triglyceride concentrations were higher in our subjects who had been exposed to dioxin than controls, the differences were not statistically significant. Our results were, however, similar to those obtained by Martin in a larger number of subjects.5 Other authors have reported lipid levels in subjects exposed to dioxin to be comparable with those in controls.9 '°P revious work has shown increased serum concentrations of y-glutamyl transferase and alanine aminotransferase in subjects exposed to dioxin9t0 but we found none. Our findings may reflect the long interval since last exposure to dioxin.
We have thus demonstrated several immunological differences between subjects with pronounced 704 exposure to dioxin 17 years before our study and controls. It is not entirely surprising that changes have been noted so long after the original explosion, as chloracne may persist for at least ten years after exposure to dioxin59 and hyperlipidaemia has been noted ten years after exposure to dioxin.'5 The significance of the increased number of circulating NK cells is uncertain. Some authors have noted an increased tendency to infections in subjects exposed to substantial quantities of dioxin,38 although this has usually been described soon after exposure. If exposure to dioxin is associated with an increased risk of neoplastic disease the number and function of NK cells may be important in its pathogenesis. Alternatively, changes in the number of NK cells may show activation of the body's defences. We think that further studies of NK cell number and function in subjects exposed to dioxin are indicated.
